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‘‘In the mind of the beginner there are many possi-
bilities, but in the mind of the expert, there are few.’’
– Shunryu Suzuki
Human embryonic stem cells (hESCs) offer the possibil-
ity of cell-replacement therapies for a variety of disorders,
as well as new opportunities to study human development
and disease progression. This is why introductory hESC
culture workshops are crowded with eager students,
despite the barriers that have been erected against this re-
search in the United States. However, even the most in-
tensive courses can only teach a portion of the various
methods for culturing and characterizing hESCs. Most
barely expose students to the many possible directed
differentiation methods much less instill the expertise to
choose which few are best for a particular fate or a given
cell line.
Now, a new protocol book is available that greatly ex-
tends the information available to beginners and experts
in the field alike. Human Embryonic Stem Cells: the Practi-
cal Handbook (Figure 1) is edited by three members of the
Harvard Stem Cell Institute: Stephen Sullivan, Chad
Cowan, and Kevin Eggan. They have recruited over 60 ex-
perts in various applications of hESC technology to pro-
vide what may be the most comprehensive digest yet of di-
verse methods for hESC culture, characterization, and
differentiation. This collection focuses exclusively on
hESC methods, unlike many others that offer some hESC
chapters alongside material on adult stem cells and mouse
ES cells. In addition, the authors acknowledge the diverse
phenotypes of the more than 300 hESC lines available to-
day by providing guidance on which lines have been suc-
cessfully used with the various protocols.
The book begins with a section surveying basic proto-
cols for hESC derivation and growth. All the essentials of
setting up an hESC laboratory and good tissue culture
technique are laid out in chapter 1. The next chapter de-
scribes the sources from which the existing hESC lines
can be obtained, including all of the lines described in
the various protocols of this book. The next two chapters
(3 and 4) lay out how to create new cell lines, including
methods for culturing human embryos to the blastocyst
stage, and derivation of hESC lines from these. Chapter
5 is ironically titled ‘‘Standard culture of human embryonicstem cells,’’ while acknowledging that no standard culture
methods and media have been developed that work for
all lines and all purposes. Protocols are included in this
chapter for growth of hESC in fetal bovine serum- and se-
rum replacement-based media, for culture on feeder cells
or feeder-free on fibronectin or Matrigel, for passage by
mechanical dissociation, collagenase and trypsin, as
well as protocols for cell banking via vitrification or con-
trolled-rate freezing. Finally, the section concludes with
a chapter on culture and preservation in chemically
defined medium (chapter 6).
The second and shortest section of the book addresses
characterization methods for hESCs. This includes the
common methods of immunostaining and flow cytometric
analysis for markers of undifferentiated and differentiating
hESCs, as well as gene expression analysis by RT-PCR
(chapter 7). Much helpful information is compiled here,
such as sources and targets of antibodies as well as
primer sequences and PCR conditions. In addition, chap-
ter 8 presents protocols for genomic and epigenomic
analysis of hESCs, covering fixation of dividing cells for
karyotype analysis and assessment of the epigenetic state
by examining allele-specific expression of imprinted
genes. The actual preparation, staining, and analysis of
metaphase spreads is wisely recommended to be done
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methods exist for examining the stability of the hESC ge-
nome and epigenome, these two are most easily within
reach of the typical cell culture laboratory. To make this
book more useful to both the novice and the experienced
hESC researcher, additional characterization protocols
should have been included in Section 2. These protocols
could include topics such as gene expression, SNP, meth-
ylation, and miRNA analyses as assayed by available se-
quencing and microarray technologies.
The third and lengthiest section of the book describes
hESC differentiation. It begins with undirected differentia-
tion methods, used to characterize the pluripotency of
hESC lines. In the embryo, the inner cell mass passes
through gastrulation to generate three embryonic germ
layers. In vivo and in vitro assessments of pluripotency ex-
amine derivatives of each of these germ layers. The proto-
cols presented here include not only the methods stan-
dard in the field—differentiation via embryoid bodies in
vitro and teratoma formation in vivo—but also aggregation
of hESCs with eight cell mouse embryos to allow analysis
of hESC differentiation in the early embryonic environment
(chapter 9) and electron microscopy of embryoid body dif-
ferentiation (chapter 10).
The bulk of the section contains protocols for directed
differentiation of hESCs to a wide variety of fates, orga-
nized by the corresponding embryonic germ layer. These
start with protocols for differentiation of the extraembry-
onic cell types: trophectoderm and extraembryonic endo-
derm (chapter 11). This is followed by three subchapters
from different authors on differentiation to several endo-
dermal fates, early endoderm, hepatic cells, and pancre-
atic cells (chapter 12 A–C), by various methods from em-
bryoid body formation to multistep induction of monolayer
cells with Activin A, retinoic acid, and growth factors. Sim-
ilarly, mesodermal differentiation is represented by six
subchapters presenting protocols to obtain cardiomyo-
cytes, endothelial cells, osteogenic cells, hematopoietic
cells, lymphocytes, and myeloid cells (chapter 13 A–F).
Multiple approaches are presented; for example, the car-
diomyocyte protocols include differentiation by coculture
with stromal cells and differentiation by mass culture or
forced aggregation of embryoid bodies. Finally, ectoder-
mal differentiation is represented by three methods to pro-
duce desirable neurons: forebrain neurons, dopaminergic
neurons, and spinal motor neurons (chapter 14 A–C). Each
of these subchapters presents not only the protocols used
by the authors but also a brief comparison of published
procedures that have produced the desired fate. Much
emphasis is given to correctly identifying differentiated
cells via multiple markers and to distinguishing fully ma-
ture cells from immature or fetal precursors. In addition,
the authors generally list the hESC lines with which they
have had success. These directed differentiation proto-252 Cell Stem Cell 1, September 2007 ª2007 Elsevier Inc.cols are fairly comprehensive and will prove to be
a good resource for hESC researchers.
The final chapter of the book is an overview of methods
for the molecular manipulation of hESCs. These include
protocols for altering genes via homologous recombina-
tion (chapter 15A), reduction of gene expression via RNA
interference (chapter 15B), and creation of lineage-spe-
cific reporter constructs via bacterial artificial chromo-
some recombineering to identify and isolate differentiated
hESC progeny (chapter 15C).
One valuable feature of this book is that each chapter in-
cludes a troubleshooting section. The authors have at-
tempted to anticipate a user’s most likely difficulties and
have recommended solutions for each. This should
greatly help users to feel confident that the protocols will
lead them to the desired results. Of course, beginners
are often imaginative enough to have problems unfore-
seen by the greatest experts. To address these, the edi-
tors of this volume have created a companion web site
that features a discussion board for the asking and an-
swering of questions as they emerge. This forum could
be very useful in the hESC community if enough beginners
and experts know about and use it. Because the editors
describe this web site only in the book’s preface, and
not in large, friendly letters on the front cover, we will
give the address here: http://www.HumanESCellBook.
com.
If the forum becomes popular with users, it may well ad-
dress the biggest weakness of this book: it’s just a book.
hESC research is a young field and it is changing rapidly,
and even though this volume is a valiant effort to present
current methods in the field, it will not stay current for
long. The standard methods of deriving and expanding
hESCs require adaptation from the in vivo environment
to culture conditions, which leads to genotypic and phe-
notypic changes. New methods and reagents are con-
stantly being developed in an effort to reduce this selec-
tive pressure. In characterization, great strides are being
made in rapid and high-resolution detection of genomic
and epigenomic aberrations, and these are as yet seldom
applied to the hESC field. Finally, researchers around the
world are questing for improvements in the efficient differ-
entiation of functionally mature cells from hESCs, with little
constraint from the wealth of published methods.
Such efforts have been expanding hESC technologies
for nearly 10 years, yet it is not too late for novices to enter
and possibly revolutionize the field. As Shunryu observed,
beginners are more likely to tackle problems with eager-
ness, creativity, and a lack of preconceptions. This guide
will help to make the many paths of hESC research acces-
sible to the beginner, while pointing out alternative possi-
bilities to the experienced. Perhaps the imaginative solu-
tions in this book can inspire us to get past our most
frustrating limitations.
Richard Josephson1,* and Jonathan M. Auerbach1
1GlobalStem, Inc., Rockville, MD 20850, USA
*Correspondence: rjosephson@globalstem.com
DOI 10.1016/j.stem.2007.08.010
